Optical density (OD) of the crystalline lens has been shown in non-diabetics to increase linearly with age over the first five decades and at an increased rate thereafter; in insulin dependent diabetic (IDDM) patients, lens OD increases with age and with duration of diabetes at a rate similar to that in non-diabetics over the age of 60 years. Recently, it has been established that colour discrimination is abnormal in a majority of young patients with uncomplicated IDDM and angiographically normal retinas. Colour discrimination loss was attributed to functional abnormalities in the retina or neural pathways; yet the possibility exists that increases in lens OD may account for part or all of the colour discrimination loss in IDDM. In the present study, colour discrimination was compared in aretinopathic IDDM patients and age-matched controls, and then in a group of aretinopathic IDDM patients individually matched to controls with respect to lens OD. Colour discrimination was significantly worse in diabetic patients than in age-matched controls, and was significantly worse when diabetic patients were compared with controls matched for OD. The magnitude of the difference in 100 hue error score between diabetic patients and OD matched controls was, however, considerably less than the difference between diabetic patients and age-matched controls. These data suggest that colour discrimination loss in aretinopathic IDDM patients cannot be explained solely on the basis of diabetes induced increases in lens OD, but must involve abnormalities of the retina or its neural connections. (BrJ7 Ophthalmol 1994; 78: 754- 
Optical density (OD) of the crystalline lens increases with increasing age and with decreasing wavelength of light. 2 The increased absorption of short wavelength light sometimes causes the lens to appear yellow. Analysis of combined data from psychophysical and physical measurements of lens absorption has shown that in the general population lens OD increases at a constant rate with age until approximately 60 years of age and at a greater rate thereafter. 3 In diabetes, however, fluorophotometry,4 quasielastic light scattering spectroscopy,5 Scheimflug photography, 6 and psychophysical measurements7 have all demonstrated an increased rate of lens yellowing. Using Scheimflug photography, Sparrow et a16 demonstrated that even patients with relatively short diabetes duration have lenses of greater OD than their non-diabetic counterparts, and that increases in OD are strongly correlated with diabetes duration. 6 Using psychophysical techniques, Lutze and Bresnick7 confirmed accelerated lens yellowing in young insulin-dependent diabetic (IDDM) patients and showed that lens yellowing increased with age and with duration of diabetes at a rate similar to that in non-diabetics older than 60 years. Recently, it has been shown that colour discrimination is abnormal in a majority of young patients with uncomplicated IDDM without retinopathy8; it was assumed that these changes in colour discrimination represent functional disturbances in the retina or post-retinal neural pathways; yet the possibility exists that changes in lens OD may explain all or part of this colour discrimination loss. The aim of the present study was to assess the contribution of premature increases in lens OD to colour discrimination loss in young uncomplicated type 1 diabetic patients without retinopathy.
Methods

SUBJECTS
Thirty eight young patients with uncomplicated IDDM of mean age 26-1 (SD 6-8) years and with mean diabetes duration of 8 (1
and Do=-0.5303+0-02268A
(2) From equation (1), the predicted age is A=(Dy-0A4224)/0-0068
For a young diabetic patient, the lens OD B is given in terms of diabetes duration T (in years) by B=Dy+0-017T
(4) where the regression line in Figure 3a ofthe Lutze and Bresnick study7 has been constrained to pass through the origin. This differs from the unconstrained expression (B=Dy+0-0173T-0-0260) used by Moreland,9 but the effect on the age of the lens equivalent controls is small.
From equations (1)-(4), the lens equivalent normal age E is given by E = [(0-4224+0-0068A +0-017T)-0-4224]/0-0068 which, after simplification, becomes E=A+2.5T (5) Equation (5) (6) With the aid of equations (5) and (6) Hardy, Scarpello, Foster, Moreland Table 3 . There was a highly significant difference in colour discrimination ability between diabetic patients and age-matched controls (mean (SE) square root 100 hue error score for diabetic patients 9 0 (0 3) versus 4 9 (0 3) in age-matched' controls, p<<0-001). However, there was also a, significant difference in colour discrimination ability between diabetic patients and controls matched for lens OD (mean (SE) square root 100 hue error score for diabetic patients 9-1 (0-6) versus 6-7 (0-4) for lens OD matched controls, p<0 005). Visual inspection and Fourier analysis'3 of a polar plot of each patient's 100 hue test result showed no evidence ofa specific axis of colour discrimination impairment.
Discussion
The results of this study suggest that colour discrimination loss in young IDDM patients without retinopathy is the result of changes both in the crystalline lens and in the retina or its neural connections. 
